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Integrated correlators

* By IC, in this talk | mean:

* the conformally invariant part of, (function of cross ratios only) 4-
point correlation functions (@pl(xl)@pz(XZ)@p3(x3)@p4(x4))

e of 1/2-BPS operators

e of N=4 SYM

) 2 .2
A13424 V= X14423

. integrated over cross ratios U = ——-, —
X12434 A2A34

e with appropriate measure (so that the result is finite and identified
with free energy of mass deformed SYM)



N=4 SYM

Interacting QFT with largest amount of supersymmetry

1 vector, 4 Weyl spinors, 6 real scalars in adjoint rep of
SU(N); R-symmetry SU(4)=SO(6)

Superconformal (beta function vanishes to all orders)

Holographic dual of IIB string theory in AdSs X S -
g%MN = (R52/ 05’)2 and g%M = 4rng,



Why do we integrate?

* 4 point functions contain non-trivial dependence on

coordinates and coupling constants gy,,, /V - even for
1/2-BPS operators whose anom. dim. is protected.

 Of course they can be/have been studied along a number
of different directions - SUSY, CFT bootstrap, integrability,
localization, holography etc.

* Integrated correlators are related to (mass, coupling )
derivatives of mass-deformed SYM free energy.



1/2 BPS operators

Short multiplets of superconformal algebra.

Supersymmetry forces their conformal dimensions to be
independent of gy,,

Chiral primaries satisfy A — R = 0;

O = Tr(¢p"1pp".. .¢Ik)SI1 1,...;, With totally symmetric and
traceless §. Starts at k = 2, 20 of SO(6); Convenient to
introduce “polarization” Y’ satisfying Y'Y’ = 0 and use

O = Tr((¢'Y)")

Their 2- and 3-point functions are trivial.



Structure of 4pt fn

e 4pt correlators split into the free part and interacting part,
and then the interaction part factorizes into R-symmetry
part and universal part [Rastelli Zhou 1/710.05923;
Chester Pufu 2003.08412]
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Amplitude in double
expansion

e In1/Nand 1/ (g%MN ) expansion, restricted as below (using general
requirements such as crossing symmetry and analyticity; bootstrap)

* Subleading terms are (via AdS/CFT) related to higher derivative
corrections to |IB sugra, and determined from string scattering

amplitude.

* Coefficients (B’s) can be also fixed from integrated correlators.
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Mass deformation of N=4
SYM

Susy preserving mass deformation of N=4 SYM has been
also extensively studied.

N=2" . Give mass (m) to hypermultiplet
N=1*: Give mass (m,, m,, ) to three chiral multiplets

More realistic cousins of QCD, especially because they
may exhibit confinement in IR



4pt with spinors

e 4pt corr are related to 4-th mass derivatives of mass-
deformed free energy on 4-sphere

Sn=4 = Sy=4+Sn

<P(§3’17X1)P(527X2)P(f37XB)P(f47 4)> — TS 61w 6ﬁ(U7 V) ) gPa
|~’I312| |3334| 3
, S, = fd‘*f@Z[mj(i Ji+ K;) + mfLj]
(S(Z1,Y1)S(Z2, Yo) P(Z3, X3) P(Z4, Xa)) = —5— Gﬁ(U, V) - Bsp, J=
|Z12|” |Z34]
0*F(m)

B
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(U, V) = Reee (U, V) + R(U, V, 0p, 0v)T (U, V), JdUdV(measure) T, V)




Mass terms on 4-sphere

e Mass terms of scalar/spinors of N=4 SYM

[, do not contribute to 4-pt function

o N=2" free energy as sum of integrated 4-pt fn worked out in [Chester
Pufu 2003.08412] and was compared to (large N) localization result.

1 _ \
J; = Etr(Ziz +Z%) = N,(S,, YY) + 5,777 )

1 o o
i = —EtT(XleXi +Xi02X:) = Ng (PapX£XP + PABX X))

L; = tr(|Z;]%)



N=1*

 We calculated the IC measure for N=1* and compared to
dual supergravity result.

)4
F, = 0"F(m,m,0) N = 2* integrated correlators
m m=0
~ 0*F(mq,ma, m3) -
Fli11 = 57
my m;=0
— | N = 1* integrated correlators
o 84F(m1,’m2 ’m;)
F1122 = 92 9o
my O, m;=0




N=2* Holography

* Motivation: large N and large 't Hooft coupling limit of the
matrix model from Pestun’s localization formula:

N? 2 ovr A1 +m2a?)erta
For = =7 (1+ma’) log 1672 ’

e Can we reproduce it using holography?: As regularized
on-shell action of AdS Einstein gravity plus scalar fields
dual to mass terms



Sugra dual of N=2*

e Einstein+scalars as consistent truncation of maximal D=5 supergravity, in
Euclidean signature

e BPS equations were integrated numerically, and the results are argued to
be consistent with localization result. [Bobev, Elvang, Freedman, Pufu
1311.1508]
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ds® = L262A(’")ds§4 + dr?,
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Perturbative analysis of
Einstein equations

We proposed a technigue to treat scalar fields
perturbatively. [NK 1902.00418]

The BPS egs are linearized and we just need to solve
coupled linear ODEs.

One can analytically calculate the series expansion form of
F(m), from v(u).

N=1" holographic model (10 scalars) was written down in
[Bobeyv, Elvang, Kol, Olsen, Pufu 1605.00656] and we
solved using perturbative method in [NK, SJK 1904.02038]



10-scalar model of N=1*

1 1 ;
L=—7R+3(0p1)" + (082)” + 5K30u2°0"2" — P,

- 1 . [1 1 . 8
K = — Z]og(l — za’Za’) : P = éelc 68g1W8g1W + §8g2W832W + ICb“VaWVEW — gWW ;
a=1

1
W = Ze2ﬂl+252 (]_ + 2122 + 2123 + 2124 + 2223 + 2224 + 2324 + 212223254)
1
+ 56251_252 (1 — 2120 4+ 2123 — 2124 — 2023 + 2024 — 2324 + 21222324)
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+ Ze A1 (1 + 2129 — 2123 — 2124 — Z9R3 — 2924 + 2324 + 2122232’4)



Holographic N=1~

* Numerical results in Bobev et al. is now partly determined
exactly.

e Consistency with N=2 Localization result. (A + 2B = — 1/8)

F
NZ|o, 4):A(m‘%+m%+m§)+B(m%+m%+m§)2-
O(m
1 27
A=+ - % ~ —0.346082
4
B=—5 4+ ™~ 40110541

40 525



e \WWhat we have done in 2411.08615:

e Worked out the expression for IC relevant to A, B in
previous page (i.e. measure for N=1* IC)

* Proposed a method to evaluate the integration for IC:
Even for N=2%, the integral had been only numerically
checked to be consistent with localization result.

* We have successfully reproduced the N=1* holographic
4

_ . 3 . T
result: B = o T 53




Setup

(SSSS)

S=(v uv U UW-V-1) 1-U-V V(V-U-1)

(SSPP)

Cross ratios

-9 =9 =2 =22

U — M V p— $14$23
= 2 22 = 72 72
T13T24 13424

(PPPP)

1
Ri(U,V,00,0v) = ¢ [2U(U -V = 3)ouV +UV (2 - U +2V)0pV

—U(U =2 —=2V)O}EV — (4V? =4+ U[1 +U - 5V])oyV

~UU —-2-2V)(U+V —1)0yoyV +8V],
1

Ry (U,V,0y,0yv) = i [(4V +20V =2 =2V, V + UV(V — 1)V

+UQ+U -V + UV — 1)U +V — 1)dydyV

+UA(V = 1)ogV] |

1
R3(U,V, du,dv) = ¢ (U1 +U-V)ovV + U VoLV

+U(U +V = 1)0yoyV + U3V .

P, = [U*V20R0% + 20 Va0 + UVA0l + U3} + 3U VAR dy +3U"V
+2U°V3au 8y + AUPV?a50% + 20V ov + 12U0°V2audy + 15U°V2a5dv — 2U0° V2704,
+3U3V28} — 2UPV285 0y + 2030y + 14UV Ay dy + TUPV G — 20}, — 6UPV oy
— 33UV + UV*ay +2U0°V* 0y 0y, + UV*a50% + 9UV?ay, + UV aydyy
—UPV3Oudy — 2UPVEO50Y + 19U V28 + 20 V2dudy — UV 0udy — 20V
— 3UV?050v + UV?05,0% +4V (2U% —4UV +3U + 2V — 5V +3) v — AUV au
+U?dy — 5U%Vaydv + 3UPVay, + U + 3U°Vagdy — 3UV*y, — 3UV*aydy,
+4V4ay — 1TUV?0Y + 3U VY, — AUV dydy + 6UV 0y dy — 8V30y, + 15U V25
+2UV?9y + 13UV ?0udy — 3UV0ud%, +4V2>0y, — 3UVAy — 3Udy — UV audy + 4],




Setup

[Chester, Pufu, 2003.08412]
NV = 2 preserving mass deformation

« We consider the ¥ = 1 preserving mass deformation on S*.

Giving three masses to three chiral multiplets (Z;, x;) . i = 1,2,3

Sn=4 2 Sy=4 +5n

3
s = fd4f\/§2[mj(i Ji+ K;) + m?L)]
j=1

We handle the operators J; and K; using polarization vectors.

1 1

J; = Etr(Zl-z +72) = N(S,viY! + 5,771y Y, = 5(1,0,0, i,0,0) X, =X, =(1,0,0,0
1 SATB | BABvi vi Y—i(o100'o) X, =X, =(0,1,0,0)
K; = _Etr(XiO'ZXi +Xi02X:) = N(PapX{XP + PAEX}XL) 2= g e 2T me e

1 _
Y3 = 73 (0,0,1,0,0,1) X3 = X3 = (0,0,1,0)

L; = tr(1Z;1%)

Does not appear in the 4-pt function



Setup

« We calculate three integrated correlators obtained by taking four mass derivative
of the mass deformed §* free energy.

O*F(m,m,0) " [Chester, Pufu, 2003.08412]
Fui = ,4 , NV = 27 integrated correlators < g N = 2 preserving mass deformation
om _
m=0
O*F(my, ma, m3) -
Fiii1 = e
ml m1=0
— | IV = 1% integrated correlators
_ 84F(m1, ma, m3)
Fiioe = 5 A5
oms Oms m;=0 —

« We expect a good match with the four-mass derivative of the
holographic v = 1* free energy. [N. Kim, S. Kim, 1904.02038]

F/N? = A;(p] + pa + p3) + Ao (ud + p3 + p3)° + O(p*)




Integrated correlator

Integrated correlators can be split into two parts.

Fa= (Fa)free + (Fu)T, Fr111 = Fi110) free + (F111)71) Fr122 = (F1122) free + (F1122)7

Free parts are calculated using a different method.

Forthe v = 2" free part (F4)free - it is computed through the 1-loop determinant of the
partition function Za of a hypermultiplet of mass m. [Chester, Pufu, 2003.08412]

Jfree

0" N? -1
(T4)free= _Wlog ZS4,free = 48 <(3) C , c=—7

m=0

The hypermultiplet consists of two chiral multiplets with the same mass.

(?4)f7‘e€= —48 Z(B) c, (Tllll)free = —24 C(3) c, (T1122)free =0



Integrated correlator

« Schematic form of the interaction part of the integrated correlators.

_

—(Fa)T
4
—(F1111) 7 >=<</d4f\/§(iJ+K)) > _
T Cross ratios
_(f1122)7-_/ U: gj%2;1;:2;4 V IE%4.’E23
T 2,02 T 71,7
13724 13724
—Aa —Ap
- [ ([Totm) o0 SR = o0, vav. 00wy
rs J
I
specific linear combination
of S, P, R,
S* metric Scaling dimensions
Guw = X Oy (SSSS) = (A4, 8p) = (2,2)
. 1 (SSpP) i (AA, AB) = (2,3)
UZ) = 2 (PPPP) - (A4, Ap) = (3,3)




Integrated correlator

« Using the symmetry of the integral

4-fold == Vol(S*)

&1 b4
3-fold == Vol(S?)
d4:1:1d4.’ﬂ2d4:1:3d4:1:4 :>
16-fold integration 2-fold == VOI(SQ) % &
dz d*Z
5-fold == Drlr2T3r4(II:1,:I:2,:I:3,:I:4) =/ Z(;g z HK—,-i (Z,.f"z)
1=1
(Contact Witten diagram in AdSs of four scalar)
o (]:4)7' Vol(5%)Vol(S?)Vol(§2) 7 T'(6 — As — Ap) (conformal invariant part of Dryryrgrs (21, 2, 23,24) )
22AA+2AB—11 ]_“(4 _ AA)2 1“(4 _ AB)2
~un)r - D(U,V, 0y, 0v) [T (U, V)" l ‘
3/ . 2 y VU, UV N
_(f1122)7_J X /drd@r (sinh) ’ Y = Dy Apgd-Aad-Apa-ng(UV)
2-fold integration

U=1+7r%—-2rcosf
V =r?



Integrated correlator

 Integration by parts
U=1+1r*—2rcosf

—_ V = ,,,2
—(Fa)T Vol(S4)Vol($3)Vol(S2) 72 T'(6 — Aa — Ag)
—(Fu)r jl> 2B ATI—1IT(4 — Ay T4~ Ap)? ( BN
DUV, 00, 00T (U, V)] —
—(f1122)7'd X /drd@r?’ (sin ) 2‘ UUA‘;)[ ( ) Dy Apa-npa-npa-—ng(UV)

More schematically

> [drass?sin 0T VD 0.V, 00,00) [Disrarars (U.V)




Integrated correlator

Mellin transformation

f(U, V)=/(§jr?)t2(]s VIT(=5)°T(=t)*T(—u)*M(s, t,u)

u=—s—t
Y Y Nontrivial changes of (U, V) Exchanges of (s, t,u)
"=za TR (W) (M (s, t, 1)
wu/v,1/v) M (s,u,t)
Permutations of V,U) M (t,s,u)
oy | 0 U=y gy T MR 2
(1/vV,U/Vv) M((u,s,t)

To facilitate the application of crossing symmetry, we use the Mellin transform of the D-function.

> _ [ dsdt 5.4 s+ 2(ry —r2) s t\?  [s+t+2r\°
Prinnn(0V) = (4m')2UZV2F(‘ 2 P (z) T




Integrated correlator

Mellin transform of the D-function

D ds di 54 2(ry —12) s t\Z _ [(s+t+2rm\>
D'rl,hy'l'z,rz(U»V) /(4 )2U V2 F( ) )F(_E)F(_E) T 5

Using crossing symmetry

—(Fa)

—(f1111)T - I:> /drd@r sin HT(52V) (U, V,0u,0v) rlrlrzrz(U V]
\ J

—(Fi122)T

|
l Mellin transformation

—u)?Q(s,t,u)

3 . 92 T(U,V) ds dt s t D)
|:> /drd@r sin” ¢ 72 l (27r73)2UV ['(—s)*I(—t)*T




Integrated correlator

« Using crossing symmetry

Change (U.V)— {(U V), (U 1) (v, 0), (g é) (é%)(%g)}

|:> /drdﬁfr sin 9 U2 V) (gjr;i;QUs VID(=s)*T(—t)*T(—u)?*Q(s, t, u)

L___T___J
T(%%) :T(g [11) VAT(U,V)
T(% %) T, V)
T(% %) TV,U) = —T(U, V)

|:> /drdOr sin? 6 UV)I/(

ds dt

Invariant

2mi)?

US VID(—8)20(—1) 2D (—u)?

v

< Q1) + Qs + QU1 ) + Q1) + Q(u,) + Qus 1)}

symmetrize




Integrated correlator

Mellin transform of the D-function

_ - ds dt 21t s+2(r — 1) s £\ 2 S+1t492r 2
DTl,TlYTZ,TZ(U,V):/WU V F(— D) )F(_E)F(_E) T 5

« Returning to position space (U, V), we finally obtain

—(Fo)r
—(Fun)r - —> / dr do 13 sinQGT(g;V) / (‘;‘; j)g U VT (—8)2T(—t)2T(—u)?
~Fna)r x {QUs,1) + Qls,w) + Q) + QUt,w) + Q) + Qu, 1)}

T 2

32¢? uyv 2]
—(Fa)7 = 2% /drd9r3 Sin20T(U )(1 +U 4+ V)D1111

48¢? 5 . 2, T(UV) 1 — — — — _ _ _
—(f1111)7' = dr df r° sin“ @ Uz 6 (242U +2V) Dy111— 2 (UD1212 + V Ds121 + UD3112 + V Di291 + UDagory + VD1122)
32¢2 uv) 1, — — — — - —
— (Jr1122)7' _ 22 /dr df r3 sin? OT(U2 ) 6 (UD1212 + VDa121 + UDa112 + VD121 + UDagr1 + VDiia2)
T
« We find that 1

—(Fr111)7 = 3(Fr122) T — 5(-7'—4)T




Integrated correlator

« We perform the evaluation using a symmetry-broken expression of —(Fi122)7 .

32¢2 TWU,V =
—(Fa) 7 = Tc dr df r> sin® 0%(1 +U +V)D1n 1
—(F = 3(F — —(F.
12 v (Fi111)7 = 3(Fii22)T 2( A)T
_(]-"1122)7-= — dr df r° sin“ 0 72 Da112




Integrated correlator

« We perform the evaluation using a symmetry-broken expression of —(Fi122)7 .

—(Fa)7 = Bic dr df r* sin 0@(1 +U+V)Dun 1
1 — —(F1111)7 = 3(Fr122) T — 5(]:4)7’
_(]-"1122)7- = —: dr df r3 sin? 9—D2112

2
* In the supergravity limit, 7(.,v) - %T U, V) = —%Em(a V)

32
—(Fa)T1 e ¢ dr do r3 sin 9D2422(1 +U + V)D1111
T—8T75¢ ™
32
—(]'—1122)T = ¢ dr dQT sin 0D2422D2112
T—875¢ T

o Duasea is expressed as a derivative of Dy .

Doyos = Oydy (1+Udy +VOv) D111,  Doria = —VOyDiin




/

Integral Evaluation

« Dj111(U,V) can be expressed in various forms.

dsdt
(47i)?

One-loop box Feynman diagram

—ot13424 2 .92
T 37153”25"7355’345

AN
v

Usvir (- 2>2I‘(——) r(w

Mellin-Barnes representation

D1111(U, V)

v
AN

zZ—2Zz

U=r%=2z

V=1+72—2rcosf =(1-2)(1-2)

Bloch-Wigner dilogarithm expression

log(zz) log(—) + 2Lis(2) — 2Lis (2))

\ We use this !

n

> —(2-nl
5 nlog(zz)) .

-/

Z / 27 (V2 + 2)2 (22)" (g)

n=—oo

Fourier-Mellin form



Integrated correlators

Analytical evaluation

—(]:4)7' = 320 dT‘de’l‘ sin 9D2422(1+U+V)D1111
T—ET75¢ ™
(F1122) s dr df 1> sin? 0 Dag90 D
H . - 1122)T =
« Analytic approach to the integral 7T ow e
We use this
1 . — 2 2rnt 1 sinn#
271_ d’l" dHT sin Hf(U V) DABCD(U V) abcd(U V) D111 = nE::l 2 (1 —nlogr) Sin 0
U=r?

1. Set the integration range [r: 0~1, 6 :0~2m ]

V =1+7r>—2rcosf

2. Derive An,na,

a. B-integration 00
Integrated _ } : Ay n
172

b. r-integration corelator L= |

3. Regularization




Analytical evaluation(v=2%)

1. Set the integration range [r: 0~1, 6 :0~2m ]

4 1 2T - _
L[T5¢] = — - / d'r/ df r3 sin? O(14+U + V)D1111(U, V) D242 (U, V)
0 0

1
SG
LT = —8—(f4)7’
¢ T—87SG
We use this
oo o
—_— orn—1 sin nd




Analytical evaluation(nv=2%)

I4[TSG] - —8_(f4)T
¢ T—87SG
1. Set the integration range [r: 0~1, 6 :0~2m ]
We use this
27
SG . e n—1 =
N [T / d?“/ df r3 sin 9(1+U+V)D1111(U V)D2422(U V) D1111 _ 227‘”2 (1 - nlogr) b:;n:
n=1

| Dayso = Oydy (1 +Udy + Vov) D111y
2. Denive Ann,
; 5 z=10 z-190
LL,[T56] = Z / dr/ de [cosnlztn2+Z)+” U™ %0, +»—_320%

ni,na2=— 1 SN 0 . —Z 8 Z a
Oy = +

2—20z z—2z20zZ

a. B-/ntegration

27
We use —/ cos( 2k9 = —%m(kQ —1)(k* —4)

sin® @

b. r-integration




I4[TSG] - Z dnl,n2 +

Analytical evaluation(nv=2%)

We obtain

ni=ns9

ni1-+ng=even
niy>n9

Z Anino + Z By ns

ni1+no=o0dd

ni>n2

dnl,nz =

6(n—1)
nd
Anino —(12n1 + 72n9n + 132n3n] — 80n] + 12n3nS — 288n9n — 228n3nT — 96nin
+ 128n7 — 228n3n] + 640n3n] + 256non] + 120503 + 752n3n3 — 6400303

Bnl 12

=(—12n] —

« Forseveral small values of n; and n,
_ 21
na=8| 0 0 0 0 0 0 0 2L
_ 36 4513
ny =17 0 0 0 0 0 0 343 6272
_ 5 1951 14853
ng =6 0 0 0 0 0 36 2058 | 6272
. 24 08 245177 | 100181
ng =95 0 0 0 0 125 75 77175 17640
_ 9 1919 2699 86258 | 497573
ng =4 0 0 0 32 1000 600 11025 14100
- 4 149 10361 1157 179371 4738
ng =3 0 0 9 I8 1500 ~ 100 11025 ~225
no — 9 0 3 107 1757 34753 70957 | 325249 1997
2= 1 18 144 1800 2700 0800 50
. 271 1529 12479 3665 394087 | 2318
ng =1 0 -17 9 36 225 54 2900 25
n1—1 'n1=2 n1—3 n1=4 n1=5 Tl1=6 nl=7 Tl1=8

Diverge !

»
»

+ 132n3n? + 96n5nT — 1024nin? + 72n5n;, — 192nSn; — 256n3n, + 512n3n,

+12n3 — 64n3 + 256n3) / (nina (n1 +no — 2)% (n1 +n2)” (m1 +na2 +2)%)

48nyn — 24n3n] + 8n7 + 84nin] — 16nan] + 84njn?

— 40n3n? + 4nd — 24nin? — 88nin} — 48ngn, — 80njn,

—12n] — 8n3 + 20n3) / (nin2 (n1 + na — 1)% (1 +n2 +1)%),




Analytical evaluation(nv=2%)

3. Regularization

« We use Abel's summation for regularization.

o0 [e.@) oo
E ap = lim E apt® = lim g aye*o
t—1 0—0

« We perform regularization twice. The first sum

Oscillating factor t = e®

in the double sum proceeds as Figure”
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Figure 2: The sum of the integrated correlator I4[7 5] is performed first horizontally and then
vertically. The outermost diagonal line is handled separately.




Analytical evaluation(nv=2%)

We obtain

2 oo o0
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Figure 2: The sum of the integrated correlator I,[7°¢] is performed first horizontally and then
vertically. The outermost diagonal line is handled separately.




Analytical evaluation(nv=2%)

« Inthe second regularization, we encounter

§2k-+d H(?")

(a k i b)c pk+q

« To carry out this summation, We need a closed form of

c <0

c>0

2k:
Z t p k-l-q
i poekrdp () yd (33)_6 H o (t)
pk+q — 9t Pq

1 2\ 42 [Tdt
p2ktd () _ (2] 4d-2 c...
(ak+b)c pkta — \ q 0 te

1 % +1 2k+3

+ <4k2+4k+3

+ ( 24k + 24k —

—48k2% — 48k +

—4k* — 8k —
+< ;

—24k? — 48k +

to dt1 2b




Analytical evaluation(nv=2%)

« We obtain
199 1472 > >
LTS = =5 = = —63) + > Cut Y. Ca
n=3,5,... n=4,6,...
Z Copop g 12641 = 10g2( ) 9c(3) — 957f %+%+ 43102g(2)’ N )
k=12,... t—e Oscillating factor t = et
Z Crp 12442 _ 10g2( ) L oc(3) + 26371' B %r B 81127 43 l()2g(2)
k=12,... t—e'?
: [Chester, Pufu, 2003.08412]
SGy _ T .
L{T>7] =3 = 6¢(3) +log(6) — = L[T5C) = 3 - 6¢(3)
up to the log divergence numerically high precision

and the imaginary part

« For V=1*integrated correlators, we obtain

L [T == +%7T —34(3)—1%7TC()
4

I1192[T°0) = 1—0 - %W +iz WC(3) good match..
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Discussion

Our method for evaluation of IC involving D,,I,,,z,,,3,,,4( U,V)

Is admittedly rather inefficient. A Mellin representation
technique is desirable.

Log divergence in general, as we re-sum the series.
Correlators with heavy or non-local operators?

Higher order results in holography and integrated 6- ,8-
point functions?



